Neuroplasticity is key to the operation of brain machine interfaces (BMIs)-a direct communication pathway between the brain and a man-made computing device. Whereas exogenous BMIs that associate volitional control of brain activity with neurofeedback have been shown to induce long lasting plasticity, endogenous BMIs that use prolonged activity-dependent stimulation -and thus may curtail the time scale that governs natural sensorimotor integration loops -have been shown to induce short lasting plasticity. Here we summarize recent findings from studies using both categories of BMIs, and discuss the fundamental principles that may underlie their operation and the longevity of the plasticity they induce. We draw comparison to plasticity mechanisms known to mediate natural sensorimotor skill learning and discuss principles of homeostatic regulation that may constrain endogenous BMI effects in the adult mammalian brain. We propose that BMIs could be designed to facilitate structural and functional plasticity for the purpose of re-organization of target brain regions and directed augmentation of sensorimotor maps, and suggest possible avenues for future work to maximize their efficacy and viability in clinical applications.
Introduction
An estimated 1.11 million individuals are diagnosed in the United States each year with some loss of sensorimotor function due to amputation, spinal cord injury (SCI), stroke, amyotrophic lateral sclerosis (ALS), to name just a few-40% of which survive but with moderate to severe motor disability (Langhorne et al., 2009; Go et al., 2013a) . In addition, an estimated 11-12 million individuals continue to live with these conditions (Young and Forster, 2007; Go et al., 2013b) . BMI technology promises to have a major impact on the health of many of these individuals, particularly those whose recovery of sensorimotor function is inherently limited but otherwise remain cognitively intact.
Broadly defined, BMIs -also known as Brain Computer Interfaces (BCIs) -include any form of a direct interface between the brain and an artificial device equipped with some form of computations. In sensorimotor control, BMIs rely on the fundamental concept of causation between volitional modulation of neural activity and movement of an end effector, or between targeted stimulation of ascending sensory pathways and perception of artificial sensory feedback. Efferent BMIs read out neural activity from descending neural pathways using a sensing device -typically an array of electrodes -by extracting spike event rates from well isolated neurons (Fetz, 1969) , or from multiple single units (Fetz and Baker, 1973; Oweiss, 2010; Oweiss, 2006; Oweiss and Anderson, 2001; Aghagolzadeh and Oweiss, 2009; Oweiss and Anderson, 2002a,b; Oweiss and Anderson, 2003) , that are subsequently "decoded" to generate control signals that actuate the end effector. This could be the natural impaired limb (Moritz et al., 2008; Ethier et al., 2012) , or an artificial limb (Hochberg et al., 2012; Collinger et al., 2013) . Likewise, afferent BMIs, such as cochlear implants (Spelman, 1982; Harrison, 1987) , sense signals from the surrounding and extract features from these signals using an "encoder" which subsequently modulates stimulation patterns in order to evoke artificial percepts (Liu, Oweiss and Khalil, 2010; Liu, Khalil and Oweiss, 2011; Daly, 2012) .
While early efferent BMI work has focused on demonstrating the phenomenological aspects of neuroplasticity-the brain's ability to change its structure and/or function during development, learning or recovery from injury, recent work has focused on the technical aspects of the system design such as device fabrication, control of multiple degrees of freedom (DOFs) with increasing dexterity in arm/hand control (Hochberg et al., 2012; Collinger et al., 2013) . Reigniting the focus on potential mechanisms of neuroplasticity, particularly at the cellular and subcellular levels, remains equally important, in part, because it may provide guidance to BMI design and training protocols to harness neuroplasticity in ways that supersede traditional physical rehabilitation exercises (Grosse-Wentrup et al., 2011) . This review examines the principles that govern BMI-mediated neuroplasticity, with particular emphasis on invasive BMI technology. We summarize the published Neurobiology of Disease 83 (2015) [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] [171] 
